Abstract: Surgical treatment for primary hepatocellular carcinoma (HCC) has progressed enormously over time. The aim of this study was to analyze the evolution of surgical techniques and outcomes of patients undergoing major right hepatectomy (RH) over the last few decades.
INTRODUCTION
H epatocellular carcinoma (HCC) is a common malignancy as well as a leading cause of cancer mortality worldwide. Since the liver is a silent organ, patients with HCC are mostly asymptomatic. As a result, the majority of patients are diagnosed at an advanced stage, making surgical resection unfeasible. It is estimated that fewer than 20% of HCC patients are eligible for liver resection at the time of diagnosis. 1,2 Among those patients eligible for liver resection, a proportion of patients with huge liver tumors or tumors near major vascular structures require major liver resection such as right hepatectomy (RH) or even extended-RH. [3] [4] [5] Along with the advancement of diagnostic tools and methods of anesthesia, the surgical approach used for major hepatectomy has shown much progress during the last 3 decades. 6 Numerous surgical approaches for RH have been reported in the literature, the most common of which are the conventional approach (CA) and the anterior approach (AA) with or without the hanging maneuver. Traditionally, CA for RH required complete mobilization of the right liver before parenchymal transection. This was considered a standard procedure and was widely utilized for major right hepatic resection in numerous centers worldwide. Subsequently, AA with or without the liver hanging maneuver that transected the liver parenchyma before mobilization of the right liver was introduced by many experienced surgeons. 7, 8 Although the theoretical advantages of the AA over the CA are well established, RH using AA remains a technically demanding method, making numerous surgeons reluctant to perform this approach. 9, 10 As such, the pros and cons of the surgical approach for RH remain debatable. In this study, we gathered data and retrospectively reviewed our experience of HCC patients who had undergone major RH over a 3-decade period. Additionally, since the treatment of HCC has changed greatly over the last few decades, the patient cohort was grouped according to the timeframe to evaluate the evolution of outcome over the years. Subsequently, the outcome based on surgical approach and the potential benefit of each surgical technique was also evaluated.
MATERIALS AND METHODS

Patients
A total of 2608 patients who had undergone curative hepatic resection for HCC from January 1982 to December 2011 at the Department of General Surgery, Chang Gung Memorial Hospital at Linkou Medical Center, were retrospectively reviewed. All patients were pathologically confirmed HCC. Based on the Brisbane terminology of hepatic resection, 11 patients who had undergone RH by resection of Cauinaud's segments 5 to 8 or extended-RH by resection of segment 5 to 8 plus segment 1 and/or 4 were enrolled for this study under the approval of the Institutional Review Board. Of these, 557 patients (455 men and 102 women) with ages ranging from 8 to 89 years (median age 56 years) were analyzed.
A standard data collection through reviewing medical records was completed for all cases in this study. It included comprehensive information including clinical characteristics of patients, laboratory tests, radiological imaging, operative findings, histological examination of liver specimens, and postoperative follow-up in terms of cancerous status and patient's outcome.
Preoperative Assessment
Patients were assessed clinically by history and physical examination, followed by investigations including serum laboratory tests, measurement of a-fetoprotein (AFP), abdominal ultrasonography, dynamic computed tomography (CT), and hepatic angiography as appropriate. The assessment of liver functional reserve to determine eligibility for hepatic resection was mainly based on the Child-Pugh score before introduction of the indocyanine green (ICG) test. Thereafter, Makuuchi algorithm using the ICG retention rate at 15 minutes was employed to determine eligibility for as well as the extent of hepatic resection. 12 
Hepatic Resection
During hepatic resection, a right subcostal or bilateral subcostal abdominal incision with an upward midline extension was made to expose the liver. Hilar dissection was performed to divide the right hepatic artery and portal vein. For CA-RH, the right liver was then completely mobilized away from the diaphragm and retrohepatic space step-by-step until sufficient exposure of the inferior vena cava (IVC). Additionally, all small venous branches communicating with the right liver and IVC were individually ligated to facilitate isolation of the right hepatic vein. The vascular inflow and outflow of the right liver was effectively controlled either by ligation or suture before performing transection of the hepatic parenchyma.
For AA-RH, the right liver was not mobilized nor was there any need for IVC or right hepatic vein exposure. After hilar dissection, transection of the hepatic parenchyma was carried out following control of vascular inflow into the right liver. The vascular inflows were selectively controlled by tourniquet clamping for the right portal vein and Bulldog hemo-clamp for the right hepatic artery. In the AA using the liver hanging maneuver, a tunnel was created between the liver and IVC to enable passage of a 12-Fr Silastic Penrose tube (Cow Dorning, Midland, MI) for liver hanging, as previously described. 13 The parenchymal transection was started from the anterior surface of the liver to the hepatic hilum and down to the anterior surface of the IVC. The IVC was clearly exposed after complete parenchymal transection, and all small veins between the IVC and the right liver were divided and ligated. The right hepatic bile duct and vascular structure including the right hepatic vein, right portal vein, and right hepatic artery were subsequently transected and sutured one by one. Finally, the right liver was taken out of the abdominal cavity after being separated from the surrounding ligaments and retrohepatic space.
Hepatic parenchymal transection was performed using either the Kelly clamp crush technique or an ultrasonic dissector (Cavitron Ultrasonic Surgical Aspirator, CUSA; Valleylab, Inc., Boulder, CO). Hepatic resection was mostly performed by CUSA transection after it was introduced into our institute in the year 2002.
Patient's Follow-Up
After hepatic resection, all patients were followed-up at regular intervals until death or the end of the present study. Clinical assessments including physical examination, serum laboratory tests, AFP measurement, and abdominal ultrasonography were performed at monthly intervals in the initial 3 months and at 3-month intervals thereafter. CT and/or magnetic resonance imaging (MRI) were arranged on an annual basis or when suspicious of HCC recurrence.
Statistical Analysis
Outcome measures included recurrence-free survival (RFS) and overall survival (OS). RFS was defined as the time between the dates of hepatectomy to the date of detection of HCC recurrence. OS was measured from the date of hepatectomy to the date of death or the end of this study. Survival curves were constructed using the Kaplan-Meier method and analyzed by means of the log rank test; patients with hospital mortality were excluded from the RFS and OS analysis. The categorical variables were assessed using the x 2 or Fisher exact test as appropriate, and the independent-samples t test was used for continuous data. Univariate analyses of the variables were conducted using Kaplan-Meier method and compared by the log rank test to identify potential prognostic factors of RFS. All the potential prognostic factors with a P-value of <0.1 from univariate analyses were then selected for multivariate analyses using the Cox proportional hazards regression model. All statistical analyses were performed using SPSS statistical software version 19.0 (SPSS, Inc., Chicago, IL) for Windows. A P-value of less than 0.05 was considered to be statistically significant.
RESULTS
Clinicopathological Characteristics of Patients
Of the patients who underwent RH or extended-RH, 278 cases were performed during the initial 2 decades from 1982 to 2001 (period I), and the remaining 279 hepatectomies were performed between 2002 and 2011 (period II). All surviving patients were regularly followed-up at the institute for at least 10 years or until the end of this study. The clinicopathological features of patients in the 2 periods are compared in Table 1 . Patient age, severity of underlying liver disease in terms of liver cirrhosis, maximum tumor size, hepatectomy type, and hospital stay differed significantly between the 2 periods. The tumor size and proportion of patients undergoing major operation with extended-RH were significantly higher in the second period. Additionally, patients in the second period were significantly older but had a shorter hospital stay. In this study, the distribution of viral hepatitis in the 2 periods was similar, with hepatitis B virus (HBV) accounting for more than 60% of patients.
Variance of Prognostic Factors Affecting HCC Recurrence
The clinicopathological factors affecting cancer recurrence in patients who underwent hepatectomy for HCC were analyzed according to period. Table 2 shows the univariate and multivariate analysis of prognostic factors in period I. Univariate analysis showed that HBV positivity, tumor size !10 cm, presence of vascular invasion and satellite nodules, and extended-RH were significant prognostic factors. Subsequently, multivariate regression analysis of these factors identified 2 risk factors; tumor size !10 cm (P < 0.001, hazard ratio [HR] ¼ 1.80) and the presence of satellite nodules (P ¼ 0.003, HR ¼ 1.61), affecting HCC recurrence in period I. Table 3 presents the risk factors affecting HCC recurrence among patients in period II. Positivity for HBV, tumor size !10 cm, the presence of vascular invasion and satellite nodules, and extended-RH were significant prognostic factors in the univariate analysis. Moreover, multivariate regression analysis showed that the presence of vascular invasion (P ¼ 0.006, HR ¼ 1.56) and satellite nodules (P ¼ 0.001, HR ¼ 1.70) were independent prognostic risk factors affecting HCC recurrence in period II. The presence of satellite nodules was the only prognostic factor in both study periods.
Postoperative Outcome
The RFS curves of patients in the 2 periods are illustrated in Figure 1A . In the first period, the RFS for 1, 3, and 5 years was 46.7%, 30.8%, and 25.2%, respectively. In the second period, the RFS for 1, 3, and 5 years was 53.7%, 34.8%, and 26.2%, respectively. However, there was no significant difference in RFS curves between the 2 periods (P ¼ 0.45).
The cumulative OS for 1, 3, and 5 years in the first period was 72.3%, 49.0%, and 36.6%, respectively. Period II had significantly better survival curves than that of period I (P ¼ 0.04), with a 1-, 3-, and 5-year OS of 81.8%, 58.3%, and 46.2%, respectively ( Figure 1B ).
Conventional Versus Anterior Approach Right Hepatectomy
Among patients who underwent major liver resection in the second period, clinical features and outcomes were compared according to the different approaches of hepatectomy. Of these, CA-RH was performed in 169 patients, and 110 patients received AA-RH. Table 4 summarizes the clinicopathological features of these 2 subgroups; patients' age, percentage of underlying liver cirrhosis, maximum tumor size, and ratio of early HCC recurrence ( 2 years) differed significantly between the 2 approaches. The comparison showed that a significant proportion of older patients, and those with underlying liver cirrhosis and larger tumors with a median maximum tumor size of 11.4 cm, had undergone major RH using the AA method.
The postoperative outcome in terms of early HCC recurrence was significantly better in the AA group than the CA group. Fifty-six percent of patients had HCC recurrence within 2 years after AA-RH, and 61.7% of patients encountered HCC recurrence within 2 years following CA-RH (P ¼ 0.04). However, the RFS and OS curves did not differ significantly between these 2 approaches (Figure 2) . The 1-, 3-, and 5-year RFS in patients undergoing CA was 48.7%, 32.0%, and 24.0%, respectively, and in patients undergoing AA the equivalent values were 61.5%, 39.2%, and 28.5%, respectively (P ¼ 0.148). The cumulative 1-, 3-, and 5-year OS of CA and AA was 81.2%, 55.2%, and 44.1% versus 82.7%, 63.2%, and 48.9%, respectively (P ¼ 0.311).
Comparison of Approaches Via Propensity Score Matching
Among 279 patients who had major liver resection in the second period, 78 pairs of patients were selected from the 2 approach groups after matching on the basis of the propensity score model. According to the matching model, there were no significant differences between these 2 groups for the following patient characteristics: age, gender, viral hepatitis, underlying liver cirrhosis, preoperative ICG test, hepatectomy type in terms of RH and extended-RH, tumor number, and maximum tumor size. Analysis of outcomes revealed that patients in the AA group enjoyed not only significantly better RFS but also better OS than those in the CA group. The 1-, 3-, and 5-year RFS was 44.3%, 25.4%, and 21.0% for patients in the CA group respectively, and 63.3%, 45.5%, and 33.4%, respectively in patients in the AA group ( Figure 3A , P ¼ 0.011). The 1, 3, and 5-year OS in the AA group was 89.7%, 67.1%, and 52.2%, respectively, which was significantly better than that in the CA group, with 75.7%, 48.5%, and 36.5% for 1-, 3-, and 5-year OS, respectively ( Figure 3B , P ¼ 0.012).
DISCUSSION
Liver resection remains the gold standard for HCC treatment because it offers the most favorable outcome, particularly for large tumors that involve almost an entire lobe of liver and for small HCC in awkward positions that are located deep in the center of the liver, which are not suitable for any of the other current treatments, including locoregional therapy, radiotherapy, and liver transplantation. Accordingly, major liver resection in terms of RH or extended-RH is mandatory. [3] [4] [5] We therefore collected our experience, and analyzed differences between timeframes and the outcomes according to surgical approaches of major hepatectomy for HCC. To our knowledge, the study presents the largest series of major hepatectomy for HCC reported to date.
The advancement of anesthesia and surgical techniques, and a thorough understanding of hepatic anatomy as well as better perioperative patient care, has dramatically contributed to the effectiveness and safety of hepatectomy for HCC during the last few years. As a result, major hepatectomy specifically for huge HCC has been increasingly performed and is accepted as a safe procedure.
14 As shown in this study, more patients have undergone major RH in the last decade than in the previous 2 decades in our institute. Additionally, the severity of the patient in terms of age, underlying cirrhotic liver, and tumor size appeared to be more serious in the second period. The hospital stay was shorter in the second period, and hospital mortality showed no significant increase over the first period. These results explain why the current management of patients with major RH for HCC is considered safe.
Numerous previous studies have reported several important prognostic factors capable of predicting the outcome of HCC patients undergoing liver resection, and similar factors were also noted in this study. [15] [16] [17] However, the present study only analyzed certain groups of patients undergoing major hepatectomy, and the prognostic factors shown here might not be representative of all HCC patients. Generally, the prognostic factors affecting tumor recurrence can be categorized into 3 core groups, related to host factors, surgical factors, and tumor factors. 18 Compared with the other 2 groups of factors, tumor factors had a greater impact on HCC recurrence after major hepatectomy in this study. The presence of satellite nodules accounts for the multiplicity of HCC characteristics, and thus was a significant prognostic factor of HCC recurrence after liver resection. Additionally, the presence of vascular invasion is not only a risk factor affecting HCC recurrence after liver resection but has also recently been identified as an important factor in the outcome of patients undergoing liver transplantation for primary HCC. 19, 20 After the initial introduction of AA-RH, 21 AA with or without the modified hanging maneuver has shown several advantages over CA, especially for large HCC occupying the entire right liver. 7, 13, 22, 23 RH for patients with a large HCC and underlying cirrhosis remains a great challenge in liver surgery. From the surgical perspective, AA is able to prevent complications related to mobilization of the right liver before parenchymal transection. Specifically, mobilization of the right liver in patients with a large HCC might be difficult due to limited space, and the surgeon is likely to encounter excessive bleeding or iatrogenic tumor rupture as well as risk of squeezing cancer cells into the systemic circulation.
AA also has the advantage of minimizing tumor cell dissemination, 9 which could greatly reduce the chance of postoperative HCC recurrence. Earlier reports also demonstrated that patients who underwent AA had a better outcome than those who underwent CA. 13, 22, 23 As shown in this study, patients who underwent AA had a significantly better outcome in terms of postoperative early HCC recurrence ( 2 years). Moreover, the propensity score-matching study also showed that both RFS and OS were significantly superior in the AA group compared with the CA group. The results further confirm the advantages of AA for major RH in HCC. However, the study was limited by its retrospective nature, and further prospective research in terms of patient selection, feasibility of liver resection, surgical techniques, and outcomes based on this AA might be required. Apart from that, the advantages of the AA-RH could be explored for patients with other malignancies such as colorectal cancer hepatic metastasis as well.
CONCLUSION
The advancement of surgical techniques and perioperative patient care have led to great progress in major liver resection for HCC in terms of effectiveness and safety during the last decade. Although the RFS did not differ between the 2 periods, the OS has significantly improved in recent years. The results indicate that recent efforts regarding regular postoperative follow-up as well as multimodality treatments for postoperative HCC recurrence have dramatically contributed to the improvement in overall outcome of patients undergoing liver resection. Despite being technically demanding, AA has demonstrated several advantages over CA-RH. Therefore, right hepatectomy via the AA could be recommended as the preferred technique or even as a standard procedure for liver resection in patients with HCC.
